The short-range potential is Reggeized in the formalism for pion-nucleon scattering, which satisfies the theoretical requirements of analyticity, unitarity, crossing symmetry, correct threshold behavior and correct asymptotic behavior. Then, this Reggeization is performed using the Veneziano amplitude, and this potential has a very simple and applicable form.
§ l. Introduction
In order to calculate the scattering amplitude at low energy, usualy one has used only the long-range potential due to the exchange o£ particles observed. In contrast with the long-range potential, one defines the short-range potential as a potential due to the exchange of the massive particle. In cases that one investigates the position of 3-3 resonance, s-wave scattering lengths and baryon 1\.egge trajectory around u = 0, it is important to introduce this short-range potential in addition to the ordinary long-range potential.
Recently some authors 1 l' 2 l have attempted, using the strip approximation, to introduce this short-range potential into the formalism which satisfies the requirements of analyticity, elastic unitarity, crossing symmetry and also self-consistency.
In such a formalism, the long-range potential is defined by the following term arising from the exchange of the crossed channel absorptive parts in the flnite strip: and expresses the effect from far-a way singularities. This potential has always been expressed by the sum of Regge poles 1 l' 2 l in the s channel. However, there are two different ways of taking out the short-range potential from the above terms.
In one of them, 1) Eegge parameters are used in a very unphysical region.
So it is difficult to determine the Regge functions, and it is of little significance to fit the Regge parameters by the experimental values. In the other approach, 2 > as the Regge parameter fit is performed in the physical region, one can use the linear trajectory and fit the Regge parameter in the experimental value directly. But in this case the value of the short-range potential is obtained at only one point.
In this paper, we introduce the short-range potential using s-channel Regge poles in the physical region. Then, since the Veneziano amplitudes> has the following features:
1) it has a very simple form, 2) it can be used in the whole energy regiOn, 3) it is the reasonable approximation for the average of the physical partial wave amplitude, 4) it has only the singularity of the pole type, we Reggeize the short-range potential by using the Veneziano amplitude. As a result, the short-range potential has a very simple form, and in the partial-wave dispersion relations the elastic unitarity is adopted only in the region so<s<sh which is from the threshold to the point midway between the first two resonances. Also the short-range potential can be used reasonably as a part of the input in the NjD method, and is expressed by the sum of Regge poles in the s-channel. Now, in the pion-nucleon dynamical theory 4 > which satisfies correct asymptotic behavior in addition to analyticity, unitarity, crossing symmetry and correct threshold behavior, this short-range potential is used as an input of the NjD method.
Then this formalism becomes more applicable even if the far-away singularities are important.
In § 2, we summarize the method 4 > such that we can solve the partial wave dispersion relations for pion-nucleon scattering satisfying the previous theoretical requirements and define the amplitude and the generalized potential. In § 3, we show the short-range potential part by the Veneziano-type amplitude and indicate the character of this potential. § 2. Amplitude and genera.lized potential In this section, let us summarize the choice of the partial-wave amplitude and the generalized potential proposed in Ref. 4) . First, the partial-wave amplitude fz. (W) for n-N scattering is defined by (1) which 1s related to the phase shift by
For this amplitude, the following features are required: 1) it has no kinematic singularity.
2) it has correct threshold behavior. 3) it has correct asymptotic behavior. Then we must multiply this amplitude, fz, by the factors q-2~ for the requirement 1), Wj(E±m) for 2), and -yyn for 3). Here, W=s 1 
Thus, we have the following partial wave amplitude : 4
This amplitude, as it is well known, 1s represented m terms of the invariant amplitudes Az and Bz as follows : 5
Here, the invariant amplitudes Az and Bz have the Mandelstam representation, so that Uz. always keeps an~liticity, unitarity and crossing symmetry. The dispersion relation for Uz (W) takes the form 4
)
where W1 is the width of the strip. In Eq. (5), gt is defined, and is the potential which comes from all the singularities outside the above unitarity cut. In Ref. 4) , it is proved that we can obtain this potential, gt, from the potential term for the invariant amplitudes At and Bt as follows: (6) where c is the constant obtained from the unitarity condition at W = 0 and At =At·L+At· 8 , Bt=Bt·L+Bt· 8
• (Indices V.L and V.S point out the long-range potential and the short-range potential.)
Next, this potential function gt(W) is used as an input in the NjD equation:
where In Eq. (7) we use the elastic unitarity only in the region [-Whm-,u],
[Wh m + ,u] and select W1 in the region where it is reasonable 'to take the elastic unitarity. Then, the amplitude obtained in the above Nz/Dz method satisfies all our theoretical requirements, namely the correct asymptotic behavior, correct threshold behavior, analyticity, unitarity and crossing symmetry. § 3. Short-range potential
In a previous section, we stated the formalism which gave the amplitude satisfying the theoretical requirements. Besides this formalism has no arbitrary cutoff parameters and takes into account the inelastic effects through the strip approximation. In this formalism, the generalized potential plays an important part as an input of the well-known NjD method. The long-range potential part of the generalized potential, {A ±v.L, B±v.L}, should be Reggeized in principle, but such a Reggeized potential was shown to be approximated rather well by the fixed J-pole-exchange potential. 4 ) Here let us Reggeize the short-range potential {At· 8 , Btv.s} from high-energy contributions in the t and u channels.
Starting with the Mandelstam representation and using the strip approximation, we can represent the invariant amplitudes A± and B± as follows:
where t 1 and u 1 are a strip width and are taken to be large. The function A± (s, t, u) also satisfies a similar representation excluding the first two terms. In Eq. (8), the first four terms correspond to the long-range potential {A ±v.L, B±V.L}, which arise from the s and u poles and from exchanging the t-and 'uchannel absorptive parts in the finite strips; [ 4p 2 , t1J and [ (m + p) 2 , u1J. Then, from the last two terms the part of unitarity must be produced. Hence the last two terms are divided into two parts respectively: the part of the short-range potential {A ±v.s, B±v.s} and the part of unitarity. Here, we carry out this division by the V eneziano-type amplitude.
First, let us express the term (1/n) ~ ~dt' Bt (s, t') /(t'-t) by the Veneziano-type representation})
Using the formula 6
this term is led to the following form :
n Jt1
where E is fixed so that we may use the condition 1 + t'-E>O only m the region t 1 <t'<oo. That is E = t 1 • Then, we extend n into complex r and take the Sommerfeld-Watson transformation:
1._ roodt'B/(s,t')_ r dr T(-t+t1+1)T(-r)
where the contour C is given in Fig. 1 . In Eq. (11), the absorptive part B/ (s, t') for t'>t 1 is expressed by the one Regge pole representation from the assumption of the top level Regge pole dominance at large t' for s>O. For the integration of t', we obtain the following as a leading term : l_ rooB/(s,t') T(t'-t 1 ) dt' . M. Imoto now we displace the contour C to C 1 + C 2 , as shown in Fig. 1 , the contribution from the semi-circle cl will vanish due to the fact that
and also the contribution from the line parallel to the imaginary axis c2 tends zero as follows : 10 > fHioo dr T(-r)T(1 + r) =sin (t'-tt) I:
Thus a simple pole in r, say
gives the following form for the term Clln) I~dt' B/ (s, t') I (t't): 
and take the partial-wave projection of Eqs. (16) and (17). Here, for a (t) <m and a(u)<m', Eqs. (16) and (17) are well defii.P.ed. Then they have a left-hand cut and a sequence of poles on the right. Ho'wever, the poles for n<l make no contribution. Here, we replace the first pole n = l by the cut extending from the threshold to a point midway between the first two resonances. 9 > We demand that the discontinuity across this cut is given by the elastic unitarity: 
M. Imoto
This short-range potential has the following features reflecting those of the Veneziano amplitude. First, 1) from the fact that the Veneziano amplitude has a very simple and beautiful form, the short-range potential in Eq. (19) becomes a very applicable form. Moreover as the degenerate Regge trajectory is used, this potential in Eq. (19) can have the contributions from all s channel resonances with n>l if once we determine the four parameters a, b, a' and b' (a (t) =a+ bt and a (s) =a'+ b' s).
~~)
In our case, the elastic unitarity condition is imposed in only the reasonable region [ (m + p) 2 <s<s 1 ] , which is from the threshold to the point midway between the first two resonances. The reason for this fact is that the Veneziano amplitude is able to be used in the whole region.
The Regge trajectories included in the Veneziano amplitude must be linear rising trajectories. However, in the N/D-type bootstrap if we use Regge trajectory never returning to the left half of the J plane, there are nonvanishing contributions from the circle at infinity and Cauchy integral formula for the amplitude does not take the form of a dispersion relation. Although it is possible to avoid this situation by the C. D. D. poles and by more than one subtraction, from the point of view of the bootstrap approach we do not wish to introduce arbitary parameters. Therefore we adopt the point of view 11 > that the trajectories are linearly rising only in some region and eventually return to the left half of the J plane. We use the Veneziano amplitude in the only region where the trajectories are linear. So, in our method of the N/ D-type bootstrap, the Veneziano amplitude is used consistently. 4:) We assert that it is very good to integrate the short-range potential represented by the Veneziano amplitude as the input in the NjD equations. Because the Veneziano amplitude represents the physical amplitude correctly on the average, the corresponding integrals over the Veneziano and the exact amplitudes would be equal.
Lastly, 5) we would like to discuss the problem of the double count. In general we must give attention to the use of the Veneziano representation in the scheme of the Mandelstam representation, because, both representations start with very different postulates. However, it is obvious that the long-range potental part o btainecl directly from the Mandelstam representation is not included in the representation of Eq. (19). Thus we have introduced the Veneziano-type representation for only the short-range potential part and have used positively the character of this representation. Therefore, there is no possibility of double counting. vV e will apply our approach to determine the positions of the 3-3 resonance m a subsequent paper.
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